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Myocardial remodeling is a central feature of failing hearts. It can take several forms, and the most easily recognizable ones are electrical remodeling (wide QRS complex with or without left bundle branch block) and mechanical remodeling (dilated and hypofunctioning left ventricle). This remodeling results in disorganized left ventricular (LV) contraction, which further promotes heart failure (HF) progression and has been shown to be an independent predictor of adverse cardiac events. [1] [2] [3] Patients with myocardial remodeling and symptomatic HF that is refractory to medical therapy have been shown to derive symptomatic and mortality benefit from cardiac resynchronization therapy (CRT). 4, 5 This benefit has been largely thought to be secondary to reduced interventricular conduction delay, reduction in LV size, and consequently improved LV contractility. 6 The Comparison of Medical Therapy, Pacing and Defibrillation in Heart Failure (COMPANION) trial tested the efficacy of CRT-pacemaker and CRT-defibrillator with medical therapy alone. The trial reported that both CRT-pacemaker and CRT-defibrillator provided significantly better survival and reduced hospitalizations when compared with medical therapy alone. 5, 7 Though not specifically studied, the logical advantage of a CRT-defibrillator would be arrhythmia prevention and CRT-pacemaker seemed to offer a similar level of survival, suggesting an anti-arrhythmic effect of CRT alone.
Since then other studies have reported a potential anti-arrhythmic benefit from CRT. Ermis et al prospectively followed 18 patients undergoing an upgrade of a defibrillator to a CRT-defibrillator, for arrhythmic events. 8 Prior to an upgrade to CRT-defibrillator, 72% of the patients experienced an arrhythmic outcome as opposed to only 11% following the upgrade, suggesting a role of CRT in ameliorating ventricular arrhythmias in patients with HF. In another study, 107 patient with CRT-defibrillator were prospectively followed for arrhythmic events after elective generator change. 9 Occurrences of arrhythmic events before and after generator change were recorded and were studied in relation to CRT response and an ongoing need for a defibrillator (defined as a LV ejection fraction \40%). This study showed that, at the time of the generator change, 87% of the CRT responders were free of arrhythmic events compared to 70% of CRT non-responders. Following an elective generator change, only 5% of those without an ongoing need for a defibrillator experienced arrhythmic events, when compared to 72% with an ongoing need for a defibrillator. Although both these studies imply reverse remodeling after CRT to confer protection against ventricular arrhythmia, this was not specifically evaluated. A recent sub-analysis of the Multicenter Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy (MADIT-CRT) trial specifically assessed the role of CRT-defibrillator in preventing arrhythmic outcomes. 10 In this analysis, 1783 patients belonging to the MADIT-CRT study were stratified by LV ejection fraction of B or [30%, and the occurrence of fast ventricular arrhythmias was determined in both these groups. Patients with LV ejection fraction B30% had a higher rate of ventricular arrhythmia when compared to those with LV ejection fraction [30%. Among those with a lower ejection fraction, CRT-defibrillator showed a greater reduction in the occurrence of ventricular arrhythmias when compared to ICD alone. Among those with a higher ejection fraction, this benefit from CRT-defibrillator was not seen, probably due to the low overall event rate. Although this sub-analysis of the MADIT-CRT trial and prior smaller studies underscore a potential anti-arrhythmic benefit from CRT-defibrillator, whether this anti-arrhythmic protection is due to reverse LV remodeling from CRT was not studied.
In this issue of the journal, Chiang et al examined the relationship between cardiac reverse remodeling after CRT with ventricular arrhythmia. 11 The authors conducted a cross-sectional study of 41 patients who had received a clinically indicated biventricular (BiV) pacemaker and had [99% BiV pacing after 12 months following device implant. All patients underwent a single resting SPECT at approximately 12 months after initiation of CRT, from which indices of scar, LV function, and dyssynchrony were assessed. All patients also had a transthoracic echocardiogram performed at approximately 12 months after CRT from which mechanical reverse remodeling (MRR) was determined by comparing to the pre-CRT echocardiogram. In addition, change in intrinsic QRS duration with CRT was also assessed in all, by measuring QRS duration with CRT-on and off. The change in QRS duration was considered to be indicative of electrical reverse remodeling (ERR).
During an average follow-up of 1.4 years after gated SPECT, 19 patients experienced arrhythmic events (13 sustained ventricular tachycardia, 2 nonsustained ventricular tachycardia, and 6 ventricular fibrillation). On a multivariate cox regression analysis, MRR (i.e., change in LV ejection fraction by echocardiography), ERR (i.e., change in QRS duration before and after CRT), QRS duration with CRT-on (BiV pacing), LV ejection fraction on SPECT, and phase standard deviation (PSD) on phase analysis of SPECT images were independent predictors of arrhythmic events. Receiver operating curve (ROC) analysis identified optimal cutoff for each of these independent predictors of arrhythmic events: change in LV ejection fraction on echocardiography B7 (AUC 0.85), change in QRS duration with CRT B7 ms (AUC 0.78), QRS duration with CRT-on C121 ms (AUC 0.68), LV ejection fraction on SPECT B30% (AUC 0.76), and PSD C45.6 o (AUC 0.74). Both changes in QRS duration after CRT and the QRS duration with CRT-on had the highest sensitivity (94%) for predicting arrhythmic events. A critical observation from this study is the association of the magnitude of dyssynchrony after CRT (assessed by PSD) with ventricular arrhythmia. PSD had the highest specificity (84%) for predicting arrhythmic events, among all the other significant variables. However, this study is limited by the lack of dyssynchrony assessment prior to CRT, and thus a relationship between change in dyssynchrony with CRT and arrhythmic events cannot be studied, in a fashion similar to that reported from another MADIT-CRT sub-analysis. 12 Furthermore, the assessment of remodeling, function, scar, and dyssynchrony from more than one imaging modality makes the application of such an approach challenging in contemporary clinical practice.
Nonetheless, the results of this study highlight the relationship between MRR and ERR, after 1 year of CRT, with arrhythmic outcomes. This essentially implies that a lack of or inadequate improvement in the myocardial substrate with CRT is predictive of arrhythmic events and provides a physiological rationale for the prior studies reporting a reduction in arrhythmic events after CRT. Myocardial scar is an important contributor to LV dysfunction in HF patients and has been shown to predict arrhythmic events. 13 However, in this study of patients with CRT and BiV pacing for at least 1 year, myocardial scar on SPECT was not an independent predictor of arrhythmic events. Myocardial scar likely exerts its pro-arrhythmic effect in more than one way-providing a focus of electrical vulnerability and also by promoting remodeling (measured as change in LV volume, ejection fraction, and QRS duration). Although the magnitude of myocardial scar will not change following CRT, it has been shown to predict CRT responders, in conjunction with other variables. In a prospective study of 44 patients, Friehling et al reported the presence of baseline dyssynchrony, myocardial scar \40% of the LV myocardium, and LV lead concordance with the site of latest activation as independent predictors of acute improvement in LV synchrony after CRT and composite clinical outcomes (inclusive of ventricular arrhythmias).
14 The report from Friehling et al and the current study by Chiang et al collectively suggest that both myocardial substrate prior to CRT and the change in this substrate with CRT are predictive arrhythmic events. Furthermore, the myocardial substrate that prevents reverse remodeling with CRT also seems to be the substrate that promotes arrhythmogenesis. This fact can have profound clinical implications, such as withholding of defibrillator implantation in those who are expected to improve with CRT or deactivation of the defibrillator function once improvement in myocardial substrate has been documented. Such an approach may have a potential of improving cost effectiveness of cardiac device therapies in HF and will also reduce the morbidity associated with inappropriate defibrillator therapy. 15 On the contrary, those who are unlikely to improve with CRT, based on pre-CRT assessment of myocardial substrate, or those who did not improve after continuous BiV pacing should be considered at a high risk for arrhythmic events and continue to receive a defibrillator, as they do in contemporary clinical practice. Whether the acute change in myocardial substrate after CRT translates into sustained reverse remodeling, and whether both provide a similar prediction for arrhythmogenesis, needs to be systematically evaluated.
Another important aspect of this report by Chiang et al 11 is the use of a risk factor-based model, incorporating several imaging findings, to predict those at the highest risk of arrhythmic events. Using the independent predictors of ventricular arrhythmia from their study, the authors developed a risk prediction model based on the number of these independent predictors: B2, 3-4, and 5 risk factors. On Kaplan-Meier survival analysis for time to ventricular arrhythmia, an increasing number of these independent predictors were associated with a worsening survival (2 risk factors vs 3-4 risk factors vs 5 risk factors; P \ 0.001). The annualized rate of arrhythmic events increased from approximately 6% among those with 2 risk factors to 35% and 53% among those with 3-4 and 5 risk factors, respectively. Use of a risk prediction model will understandably have a low sensitivity for predicting arrhythmic events; however, it offers a high specificity and a high negative predictive value to identify those at the lowest risk. This has been suggested in multiple prior studies utilizing imaging and biomarker-based risk prediction tools to predict arrhythmic events in various HF populations, 16 including a gated SPECT-based model of LV ejection fraction, myocardial scar. and dyssynchrony. 17 Although these risk prediction tools show great promise, they need to be prospectively validated in clinical studies.
